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DOCUMENT-IDENTIFIER: US 6128753 A 

TITLE: Fault management system for a telecommunications network 



Abstract Text (1) : 

A fault management system for an access network forms part of a public 
telecommunications network. In the access network, terminating lines in the form of 
pairs of copper wires extend from a local switch through a series of nodes to 
terminal equipment provided for user of the network. The fault management system 
includes a test head and an access network management system. Each night, the test 
head performs a series of test on each of the terminating lines . The results of the 
test are transmitted to the access network management. The test results are then 
converted into circuit scores, each of which is indicative of the operational 
quality of the tested circuit. For each node, the circuit scores of the tested 
circuits passing through the node are combined to produce a node score which is 
indicative of the operational quality of the node. In order to identify the node 
having the worst operational quality and therefore most in need of investigation, 
the nodes are ranked in accordance with their node scores . 

Application Filing Date ( 1 ) : 
19980313 

Brief Summary Text (19) : 

means for ranking nodes of a terminating circuit on which a fault is suspected in 
accordance with their scores found by said evaluating means; 

Brief Summary Text (20) : 

whereby, in use, after testing a circuit on which a fault is suspected, a list is 
produced of the nodes on said circuit in which the nodes are ranked in accordance 
with the likelihood of the fault being present at each node . 

Brief Summary Text (21) : 

With this invention, as a result of ranking the nodes on a terminating circuit on 
which a fault is suspected in accordance with the likelihood of the fault being 
present at each node, an engineer can be directed to the node at which it is most 
likely that the fault is present . Although with this invention the engineer is not 
directed to the correct node on every occasion, the present invention does reduce 
the number of nodes which an engineer has to open before locating faults. On 
average, when using the invention in a convenventional access network, it is 
estimated that an engineer will need to open less than 1.5 nodes before finding the 
node at which a fault is present. 

Brief Summary Text (31) : 

rank nodes of a terminating circuit on which a fault is suspected in accordance 
with their scores. 

Brief Summary Text (40) : 

ranking the nodes on the terminating line on which the fault is suspected in 
accordance with the scores found in said step of evaluating scores. 

Detailed Description Text (38) : 
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Referring now to FIG. 6, there is shown a flow chart of the series of operations 
* which may be performed when a customer reports a fault on one of the terminating 
lines of the access network 12 to an operator of the customer service system 100. 
As will become apparent, in an appropriate case a list is produced of the nodes 
through which the terminating line passes ranked in order of the likelihood of the 
fault being present at each node . 

Detailed Description Text (41) : 

The operator in the access management system then decides what to do about the 
fault report. This decision will depend on the details of the suspected fault and 
his knowledge of the state of the terminating lines in the access network 12. For 
example, if the fault report indicates that there is a disconnection and the 
operator knows that one of the nodes through which the terminating line passes has 
been severely damaged but is under repair, it may be appropriate for the operator 
merely to advise the customer that the damage is being repaired. Usually, the 
operator will decide to obtain a list of the nodes through which the terminating 
line passes ranked in the order of the, likelihood of the fault being present at 
each node . If the operator decides to obtain this list, in a step 203, the operator 
invokes a ranking algorithm. The remainder of the flow chart shown in FIG. 6 refers 
to the steps which are performed in this algorithm. 

Detailed Description Text (42) : 

The ranking algorithm is entered in a step 204. The ranking algorithm is held as 
part of a program of the access network management system .102. As will become 
apparent from the following description, for each of the nodes on the terminating 
line on which a fault is suspected, an individual score is evaluated for each one 
of a set of factors relating to the likelihood of the suspected fault being present 
at the node and the individual scores are then combined to produce a combined score 
for the node. The nodes are then ranked in accordance with their combined scores. 
In evaluating each individual score, the data contained in the fault report and 
also the data contained in the access network management system relating to the 
nodes and the terminating lines are used. 

Detailed Description Text (68) : 

In step 219, the nodes are ranked in order of their scores in descending order. 
Thus, the node at the top of the list is the most likely location of the fault. In 
step 210, the node with the highest score is then selected and in step 211 the 
operator is given the opportunity to override the result and an operator would 
normally do this in view of special circumstances known to him. 

Detailed Description Text (69) : 

Referring now to FIG. 7, there is shown a functional block diagram of the fault 
management system described with reference to FIGS. 3 to 6. As shown in FIG. 7, the 
fault management system comprises the test head 104, the test head controller 106, 
a test report analyser 300, a store 301 and a node identifier 302. The test head 
104 and the test head controller 106 have already been described. The test report 
analyser 300, the store 301 and the node identifier 302 are implemented by the 
access network management system 102. More specifically, the test report analyser 
is the part of the program of the access network management system which is 
responsible for performing steps 206 to 221 of the ranking algorithm. The store 301 
is that part of the store of the computer used to implement the access network 
management system 102 and which contains data relating to the nodes and the 
terminating lines. The node identifier 302 is that part of the program which is 
responsible for step 205 of the ranking algorithm. 

Detailed Description Text (91) : 

In the equation set out above for calculating a node score H, . SIGMA. S is divided 
by n so as to provide an averaging effect for resistance measurements on circuits 
passing through the node having a value less than 1 M. OMEGA. . This makes node 
scores for nodes carrying a large number of circuits comparable, with node score for 
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nodes carrying a small number of circuits. As will be explained below, the nodes 
are ranked in accordance with their node scores. However, the node scores of nodes 
carrying only a few circuits are very sensitive to the number of resistance 
measurements less than 1 M. OMEGA. . More generally, as the number of circuits 
passing through a node increases, and hence potentially the number of resistance 
measurements less than 1 M. OMEGA, increases, the reliability of the node score as 
an indicator of the operational quality of the node increases. In the equation set 
out above for calculating a node score H, . SIGMA. S/n is multiplied by .sqroot.n so 
as to give progressive emphasis to the node score as the number of resistance 
measurements less than 1 M. OMEGA, increases. 

Detailed Description Text (92) : 

Next, in a step 502, the nodes are ranked in accordance with their node scores H. 

The node having the highest node score H is identified as the worst node and 

selected for further investigation. 

Detailed Description Text (93) : 

Although the relatively high node score of the worst node may be caused by the 
operational state of the worst node, it may also be caused by the operational state 
of one of the nodes on the route from a local switch to the worst node. The node 
score H is obtained from resistance measurements and does not take other factors 
into account . In order to identify the exact location of the node having a poor 
operational quality, the ranking algorithm described with reference to FIG. 6 is 
used. 

Detailed Description Text (96) : 

Lastly, in a step 506, the operator decides whether to ask an engineer to 
investigate on or more of the nodes for possible faults. When the routine reaches 
step 506, the operator will know the identity of the worst node. Also, for the 
nodes on each route to the worst node, he will have a list of the nodes as ranked 
by the ranking algorithm. In deciding whether to ask an engineer to investigate one 
or more of the nodes, the operator combines this data with his own knowledge of the 
access network 12. 

CLAIMS : 

1. A fault management system for a telecommunications network including a local 
switch and a set of terminating circuits extending between said local switch and 
terminal equipment provided for users of the network, each of said terminating 
circuits passing through a series of nodes between said local switch and its 
respective terminal equipment, said fault management system comprising: 

circuit testing apparatus located at said local switch and arranged to perform 
circuit tests on said terminating circuits; 

a store containing data relating to said terminating circuits and said nodes; 

means for instructing said circuit testing apparatus to perform a set of tests on 
one of said terminating circuits; 

means for checking the results of a set of tests performed by said circuit testing 
apparatus for the presence of a suspected fault, said checking means being arranged 
to produce a fault report when a fault is suspected; 

means for identifying the nodes of a terminating circuit on which a suspected fault 
is present; 

means for evaluating a score for each node on a terminating circuit line on which a 
fault is suspected which represents the likelihood of the suspected fault being 
present at the node, said evaluating means using the fault report relating to the 
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suspected fault and data contained in said data store in evaluating the score; and 

means for ranking nodes of a terminating circuit on which a fault is suspected in 
accordance with their scores found by said evaluating means; 

whereby, in use, after testing a circuit on which a fault is suspected, a list is 
produced of the nodes on said circuit in which the nodes are ranked in accordance 
with the likelihood of the fault being present at each node . 

8. A fault management system for a telecommunications network, said 
telecommunications network including a local switch and a set of terminating 
circuits extending between said local switch and terminal equipment provided for 
users of the network, each of said terminating circuits passing through a series of 
nodes between said local switch and its respective terminal equipment, said fault 
management system comprising: 

circuit testing apparatus located at said local switch and arranged to perform 
circuit tests on said terminating circuits; 

a computer system for operating said circuit testing apparatus; 

said computer system including a store containing data relating to said terminating 
circuits and said nodes; 

said computer system being controlled by at least one program so as to perform the 
following operations: 

instruct said circuit testing apparatus to perform a set of tests on one of said 
terminating circuits; 

check the results of a set of tests performed by said circuit testing apparatus for 
the presence of a suspected fault and produce a fault report when a suspected fault 
is present; 

identify the nodes of a terminating circuit on which a suspected fault is present; 

evaluate a score for each node on a terminating circuit on which a fault is 
suspected which represents the likelihood of the suspected fault being present at 
the node by using the fault report relating to the suspected fault and data 
contained in said store; and 

rank nodes of a terminating circuit on which a fault is suspected in accordance 
with their scores. 

9. A method of operating a fault management system for a telecommunications 
network, said telecommunications network including a local switch and a set of 
terminating circuits extending between said local switch and terminal equipment 
provided for users of the network, each of said terminating circuits passing 
through a series of nodes between said local switch and its respective terminal 
equipment, said fault management system comprising: 

circuit testing apparatus located at said local switch and arranged to perform 
circuit tests on said terminating circuits; and 

a computer system for controlling the circuit testing apparatus, said computer 
system including a store containing data relating to said terminating circuits and 
said nodes; 

said method comprising the following steps performed by said computer system: 
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, instructing said circuit testing apparatus to perform a set of tests on one of said 
terminating circuits ; 

checking the results of the set of tests performed by said circuit testing 
apparatus for the presence of a suspected fault and producing a fault report when a 
suspected fault is present; 

when a fault is suspected, identifying the nodes of the terminating circuit on 
which the fault is suspected; 

evaluating a score for each of said nodes of the terminating circuit on which a 
fault is suspected which represents the likelihood of the suspected fault being 
present at the node based on the fault report relating to the suspected fault and . 
using data contained in said data store; and 

ranking the nodes on the terminating line on which the fault is suspected in 
accordance with the scores found in said step of evaluating scores. 

16. A fault management system for a telecommunications network including a local 
switch, terminal equipments provided for users of the network, and a set of 
terminating circuits extending between said local switch and said terminal 
equipments, wherein said terminating circuits take the form of insulated wires 
contained in cables, each of said cables passing through a series of nodes whereat 
a cable containing a greater number of wires is divided into a plurality of cables 
each containing a lesser number of wires or whereat two cables and the wires 
therein are joined to one another, the continuity of each wire being maintained at 
each node; said fault management system comprising: 

circuit testing apparatus located at the local switch and arranged to perform 
electrical measurements on said insulated wires; 

a store containing data relating to said terminating circuits and said nodes, said 
data including results of previous electrical measurements on said insulated wires; 

means for instructing said testing apparatus to perform a set of tests on a 
selected one of said insulated wire circuits; 

means for identifying the nodes of said selected wire circuit; 

means for checking the results of said tests against data contained in said store 
and evaluating a score for each node of said selected wire circuit which score 
represents the likelihood of a suspected fault being present at the node; 

means for ranking the nodes of a terminating circuit in accordance with said 
scores; and 

means for producing a fault report containing said ranking. 

18. A fault management system for a telecommunications network including a local 
switch, terminal equipments provided for users of the network, and a set of 
terminating circuits extending between said local switch and said terminal 
equipments, wherein said terminating circuits take the form of insulated wire pairs 
contained in cables, each of said cables passing through a series of nodes whereat 
a cable containing a greater number of wire pairs is divided into a plurality of 
cables each containing a lesser number of wire pairs or whereat two cables and the 
wire pairs therein are joined to one another, the continuity of each wire being 
maintained at each node; said fault management system comprising: 

circuit testing apparatus located at the local switch and arranged to perform 
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electrical measurements on said insulated wires; 

a store containing data relating to said terminating circuits and said nodes, said 
data including results of previous electrical measurements on said insulated wires; 



means for instructing said testing apparatus to perform a set of tests on a 
selected one of said insulated wires; 

means for identifying the nodes of said selected wire; 

means for checking the results of said tests against data contained in said store 
and evaluating a score for each node of said selected wire which score represents 
the likelihood of a suspected fault being present at the node; 

means for ranking the nodes of a terminating circuit in accordance with said 
scores; and 

means for producing a fault report containing said ranking. 
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Dec 21, 



1999 



DOCUMENT-IDENTIFIER: US 6005926 A 

TITLE: Method and system for global communications network management 

Application Filing Date ( 1 ) : 
19970911 

Detailed Description Text (73) : 

Illustratively, the system might calculate the costs of five (or more, depending on 
anticipated traffic volumes) cost-efficient routes connecting each pair of nodes 
for each defined level of quality and service. These five routes would be ranked 
according to price, and stored in rate-table database 400 at server node 56. Also, 
as transactions are made and routes fill up, the system may determine additional 
routes given the new state of the network. 

Detailed Description Text (103) : 

In acceptable carrier field 378, the requesting carrier may place constraints on 
the carriers via which its traffic may be routed. For example, a requesting carrier 
may request that its traffic be transmitted only via a top 5 carrier with respect 
to some parameter (e.g., quality) as ranked by server node 56. In another example, 
if a carrier needs to buy connect time to carry overflow traffic, it may request 
that it not be resold time on its own network that had originally been sold to a 
third party. 

Detailed Description Text (158) : 

In a multiple server embodiment, each server node 5 6 may rank potential routing 
paths in accordance with a particular parameter or set of parameters. For example, 
some servers may rank routes by price. Other servers may rank routes in a manner 
designed to maximize network utilization. A given company may offer its 
communication capacity on one server or on multiple servers. Because each server 
may rank routes according to different priorities, a particular service query from 
an originating node might yield different proposed routes from each of the server 
nodes 56. 

Detailed Description Text (170) : 

Also, although illustrated primarily in connection with a public network comprised 
of a plurality of carriers, the present invention may also be employed to 
efficiently manage a private network, or a network made up of facilities maintained 
by affiliated carriers. In this context, server node 56 will frequently be 
programmed to rank routing paths according to a parameter other than simple price. 
For example, the network may rank and allocate routes in a manner designed to 
maximize utilization of the network facilities. 
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